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mm/sub-mm emission in solar atmosphere
We can classify the situation to two cases for considering 
the mm/sub-mm emission from the Sun. 
1. Any flare do not occur, and there is no high-energy 
electrons in solar atmosphere.   
2. There are the high-energy electrons accelerated in a 
flare.
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mm/sub-mm emission from solar atmosphere at “Quiet”  
(“Quiet” means there is no high-energy electrons in the solar atmosphere.)
• In solar atmosphere, the optical 
depth in the range depends on free-
free & H
-.
 
• τ=1 layer is located at lower 
chromosphere (Tphy = 4000~7000 K). 
• The layer satisfies LTE condition and 
the source function is Planckian. 
• Rayleigh-Jean law can be applicable.
mm/sub-mm images are 
thermograms of 
lower chromosphere
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Vernazza, Avrett & Loeser, 1981
ALMA Band3
ALMA Band6
mm/sub-mm non-thermal emission from  
    MeV electrons accelerated in a flare
• Assumptions 
• Energy spectrum of electrons 
• Power-law (Index -4) 
• Energy range:  Ecut ~ 10 MeV 
• Cut-off energy (Ecut ) is indicated in 
the plot.  
•  Ecut = lower-end energy of the 
energy distribution)  
• Magnetic field 
• Strength: 300 Gauss 
• The angle between the LoS and 
field:  45 degree 
• Note: In lower frequency (< 10GHz), the self 
absorption by lower energy electrons is 
effective.
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What we can see in the solar images ?????
???????????obtained with ALMA?
We can classify the situation to two cases for considering the 
mm/sub-mm emission from the Sun. 
1. Any flare do not occur, and there is no high-energy electrons 
in solar atmosphere.   
mm/sub-mm images are the thermograms of 
chromosphere. 
2. There are the high-energy electrons accelerated in a flare. 
mm/sub-mm images show the spatial distribution of the 
MeV electrons accelerated in a flare.
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Solar Observing Mode in Cycle4 
• Offered receivers for solar observations in Cycle4: Band3 & Band6 
• Only Time Domain Mode (128 or 256 ch/2 GHz) 
• Frequency Domain Mode for line observations is not offered. 
• Spatial Resolution: 1.5”~3.7”@Band3 / 0.63”~1.6”@Band6 
• Polarization: Stokes-I or XX only (Stoke-I -> 128ch / XX -> 256ch) 
• Solar MOSAIC observations are offered. (Max.: 150-points) 
• Period of solar observations in a day: 13:00UT ~ 20:00UT  
• Solar observations will be done by “Campaign” mode. 
• Solar Observing Season: 23 December 2016 ~ 27 April 2017.  
• Solar observations will carried out in a few (or some) weeks in the period. 
The number of weeks (days) for solar observations in Cycle 4 depends on 
the number of the accepted proposals. 
• The TP array observation is carried out with the interferometric observations 
simultaneously.
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Solar Commissioning Campaign 2015
• 2015/12/14 - 2015/12/21 
• We could not carry out observations in afternoon 19-21 Dec, because the wind in the antenna site is too strong mainly. 
• Goals: Dress-Rehearsal of Cycle4 / New function of Cycle5 
• # of antennas: 20~23 12-m + 7~8 7-m antennas. Total: 27~31 antennas… with C36-1 (Most compact configuration) 
• Lead of The Campaign: Tim Bastian (NRAO) 
• Lead of the interferometer: Masumi Shimojo (NAOJ) 
• Lead of the single-dish: Stephen White (AFRL) 
• Supporters from Joint ALMA Observatory: Antonio Hales, Neil Philips, Akihiro Hirota (Remote)
• EastAsia (EA)  
• Masumi Shimojo (NAOJ) 
• Kazumasa Iwai (NICT) 
• Sujin Kim (KASI) 
• Europe (EU) 
• Ivica Skokie (Ondřejov Observatory) 
• NorthAmerica (NA) 
• Tim Bastian (NRAO) 
• Stephen White (AFRL) 
• China (as participants of NA development team) 
• Yihua Yang, Sijie Yu, Donghao Liu (NAOC) 
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Joint Observations with  
Hinode, IRIS, NST/BBSO 
Cycle4 : 12m x 40 + 7m x 10 = 50 antennas 
Observed Targets of the 2015 solar campaign
• 149pts-Mosaic Observations 
• Band3 / Band6: AR12470 
• Band6: South Pole 
• 39pts-Mosaic Observations 
• Band3: Prominence 
• Band6: Quiet Sun near the 
Limb 
• Single-Pointing 
• Band3: AR12470
Preliminary Results!! 
FoV of the 149pts MOSAIC 
~350”x350”for Band3  
~150”x150’ for Band6 
FoV of Single-points: 
60” for Band3/ 25” for Band6 
The coordinate of most images is the 
RA/DEC coordinate.
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Summary
• The solar synthesized images from ALMA data will become the 
new window of chromospheric science and particle acceleration. 
• The result of the proposal review is informed to PI in August, and 
the solar observations in Cycle 4 will be started in this winter. 
• The synthesized images obtained with ~30 antennas at the 2015 
solar commission campaign have shown us new faces of the 
Sun. The quality of the data obtained in Cycle4 will be better 
than the images presented in this talk.   
• The data shown in this talk might be released as the Scientific 
Verification (SV) data from the ALMA observatory in this summer.
10
The Atacama Large Millimeter/submillimeter Array (ALMA), an international astronomy facility, is a partnership 
among Europe, North America and East Asia in cooperation with the Republic of Chile. ALMA is funded in Europe 
by the European Organization for Astronomical Research in the Southern Hemisphere (ESO), in North America by 
the U.S. National Science Foundation (NSF) in cooperation with the National Research Council of Canada (NRC) 
and the National Science Council of Taiwan (NSC) and in Japan by the National Institutes of Natural Sciences 
(NINS) in cooperation with the Academia Sinica (AS) in Taiwan  and the Korea Astronomy and Space Science 
Institute (KASI). ALMA construction and operations are led on behalf of Europe by ESO, on behalf of North America 
by the National Radio Astronomy Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI) and 
on behalf of East Asia by the National Astronomical Observatory of Japan (NAOJ). The Joint ALMA Observatory 
(JAO) provides the unified leadership and management of the construction, commissioning and operation of ALMA.
www.almaobservatory.org
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